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PHENYLKETONURIA is a well studied recessive hereditary disease characterized by a deficiency 
of phenylalanine hydroxylase in the homozygous individual.1 Usually the disease is asso- 
ciated with severe mental deficiency, although there have been an increasing number of 
cases reported with normal or borderline intelligence. 2 Interestingly enough, many patients 
who have normal or near normal intelligence appear to suffer from behavioral disturbances, 
so that some of these have been misdiagnosed as having autism or organic brain damage.sp* 
Patients with phenylketonuria and severe mental deficiency may also suffer from what 
appear to be neurotic and psychotic symptoms, although this aspect of the disease has been 
minimized in the literature.3 
Relatively little is known about the characteristics of the heterozygous carrier for this 
disease; that is, the individual who has both one normal and one abnormal gene for 
phenylalanine hydroxylase formation. It is presumed that such individuals have below 
normal phenylalanine hydroxylase levels since it has been repeatedly demonstrated that 
carriers have a reduced tolerance to a phenylalanine load. 135 Whether or not these persons 
share other biochemical characteristics with the homozygous phenylketonuric, such as 
reduced serotonin and catecholamine levels, is currently not known. That the former is a 
good possibility is suggested by the recent accumulation of evidence that phenylalanine 
hydroxylase is responsible for the hydroxylation of tryptophan, the first step in serotonin 
formation.6 It has been suggested, however, that persons heterozygeous for phenylketonuria 
are more apt to suffer from psychopathology than other individuals. This hypothesis was 
originally considered by F~LLINC~ who found the aunt of one patient and the great aunt of 
another suffered from schizophrenia. PENROSE* furthered interest in the possibility by 
presenting a large pedigree in which heterozygosity for phenylketonuria and mental illness 
appeared to be associated. Since that time, MUNRog reported the incidence of psychosis in 
presumed heterozygotes to be approximately twice the rate expected from a survey of a 
control group of 653 families of idiots and imbeciles. THOMPSON~~ in a study of eight families 
of phenylketonuric patients, reported striking differences between relatives of phenylketo- 
nurics and controls. Another author1 has estimated that the possible association between 
heterozygosity for phenylketonuria and mental illness could account for as much as 20 per 
cent of mental illness. More recently, PERRY er al. l1 have found no difference in the incidence 
of psychoses, admissions to mental hospitals, personality disorders, alcoholism, suicide or 
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crime rate between a group of persons related to phenylketonuric and mongoloid patients. 
If it were indeed the case that heterozygosity for phenylketonuria were associated with 
mental illness, it would be possible to generate a relatively limited number of biochemical 
hypotheses which could presumably be correlated with the mental illness. However, most 
of the previously mentioned studies are open to serious criticism on methodological grounds, 
and the validity of their findings is open to some question. I2 This paper presents the results 
of a field study which was designed to investigate the hypothesis that heterozygosity for 
phenylketonuria is associated with mental illness. These results essentially substantiate the 
findings of PERRY et al.11 
Population 
METHODS 
Persons presumed heterozygous for phenylketonuria (the PKU group) were located 
through their phenylketonuric children. These children varied in age from 5 to 30 years and 
were either known to a state home for the mentally retarded or to one of the special education 
classes conducted by the Department of Public Instruction of the State of Michigan. We 
were exceedingly fortunate inasmuch as the state institutions had been systematically 
screened by ALLENIS some 4 years before the onset of our study, and the Michigan Depart- 
ment of Health had just completed a screening program to identify phenylketonuric children 
in special education classes. The names of the individuals involved were generously made 
known to us by Dr. Allen and the Michigan Department of Health. These names should 
have constituted a census of all identified phenylketonuric individuals in the state of 
Michigan between the ages of 5 and 30. A control group of children with non-phenyl- 
ketonuric mental retardation (the NPMR group) was picked for the phenylketonuric 
probands in the following fashion: A random sample of inmates of the institution at which 
the phenylketonuric child resided was obtained using a sampling rate of one in ten. NPMR 
patients were then selected from the random sample to match individual PKU patients in 
age (within 5 years) and I.Q. (within fifteen points). In a few cases, the one in ten sampling 
rate was not high enough to provide us with a match. In these cases, an NPMR child was 
selected out of either the nearest age or I.Q. category, depending on which provided the 
best match. 
The rationale behind this method of selecting pronands for the NPMR group was as 
follows: It is known that parents of children with severe mental defects tend to reflect the 
social structure of the population at large. It is also known that parents of children with 
milder defects tend to come from the lower socio-economic classes.r4 In Michigan, the 
majority of institutionalized patients suffer from mild degrees of defect so that an unadjusted, 
random sample of an institution is heavily skewed towards lower socio-economic groups. 
Phenylketonuric patients, on the other hand, largely fall into the lowest I.Q. categories; the 
average I.Q. of our PKU probands was 22. These families represent social class distributions 
similar to the general Michigan population. Since social class is one of the variables which 
has been most frequently related to the incidence of mental illness,l5 it seemed advisable 
to select controls to minimize class differences. Consequently, it was decided to match 
PKU probands with NPMRs on the basis of I.Q. Similarly, the decision to match probands 
on the basis of age was to provide for comparable age ranges among the parents of the two 
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groups; age being a factor in determining whether or not a given individual has had suffi- 
cient time to develop the mental illness to be ascertained. 
Because of small classes containing children with a relatively large I.Q. range, the selection 
procedure was modified in the special education classes. Children in these classes usually 
fell in a 3-year age range and the NPMR child selected was the one whose I.Q. was closest 
to that of the phenylketonuric proband. Since none of the phenylketonuric children were 
non-white, all non-white children were deleted from the control groups. In addition, 
children who had a primary diagnosis of psychosis or familial-cultural mental deficiency 
were excluded. The last deletion was made primarily because the diagnosis requires that at 
least one parent suffer from mental retardation, and it was our feeling that this would 
compound the difficulty in information gathering. Blood phenylalanine levels were evaluated 
on all retarded children to confirm the presence or absence of phenylketonuria according 
to the method of WONG et al.,5 or that of LADU and MICHA~L.~~ 
A second control group was chosen since there may be a relationship between some forms 
of mental retardation and mental illness .ir This group consisted of children with cystic 
fibrosis (CF) who had attended either the University Hospital or the Children’s Hospital of 
Metropolitan Detroit. Names on the clinic lists were sorted into 5-year age categories and 
selected at a frequency determined by the number of PKU patients in each age group. 
Because of the early mortality in cystic fibrosis, it was sometimes necessary to use the name 
of a dead child. Each of the three groups contained sixty-four probands; no two probands 
represented the same family. In all cases, the parents of the children in the three groups 
formed the population which was actually interviewed. 
Interview 
Our fundamental methodological problem was to find some way of comparing rates of 
mental illness in the three populations investigated. Since no attempt was made to measure 
any absolute rates of mental illness in a general population, the primary concern was to 
develop a reproducible set of tools which could be readily comprehended. In addition, it was 
important to reduce bias as much as possible throughout the study. For these reasons, a 
standard interview schedule, designed to evaluate a variety of mental health areas, was 
constructed. The interview not only elicited information about the respondents themselves, 
but also about their children, their siblings, and their parents. 
The interview schedule was sympathetically oriented to problems generated by the affected 
child in the family, and its ostensible purpose was to investigate such problems in detail. 
We hoped, in this way, to motivate the participation of the parents in the interview by 
tapping some of the feelings that they had invested in the problem of their children’s disease. 
The interview was constructed so as to allow the respondents to ventilate their feelings about 
the disease, their experiences with doctors, and emotions generated in themselves by the 
stresses and strains of the chronically affected child. On the whole, respondents met our 
interviewers with interest and enthusiasm, and many expressed feelings of relief at finally 
being able to discuss problems with some interested, outside observer. In addition, the 
interview was designed to provide a sense of psychological continuity to the respondent; for 
example, the interview began with a discussion of the child’s problem, a history of the parents’ 
efforts to seek help, and continued to inquire about specific problems generated by the 
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child in the home. In this context, the respondent was asked whether or not the situation 
about the child had ever made him feel that he was about to have a nervous breakdown. 
A more detailed inquiry into his mental health followed naturally, and it was a relatively 
short psychological step to make the same inquiries about his spouse, and later, the rest of 
his family. With very few exceptions (one interview was conducted in a local bar) inter- 
viewing was done at the home of the respondent. 
Outside of the formally stated questions in the interview schedule, the interviewers were 
allowed only non-directive probes such as “What do you mean ?” or “What was that about ?” 
although all interviewers were trained to obtain as detailed an answer as possible. The 
primary hypothesis of the study, i.e. that persons heterozygous for phenylketonuria would 
be more apt to be mentally ill than the persons in the two control groups, was never con- 
veyed to the interviewers, although they were well aware that we were looking for signs of 
mental illness in the different families. The interviewers did know whether they were inter- 
viewing the parents of a child with cystic fibrosis rather than parents of a child with mental 
retardation since pretesting had shown that it was not possible to send the same form 
letter to both groups; and undoubtedly, the interviewers were often aware of whether or not 
they were interviewing the parent of a phenylketonuric child, although the interview 
avoided questions about diagnosis. 
All interviewing was done by professional interviewers from the Survey Research Center 
of the University of Michigan who were given a minimum of 2-days’ special training in 
order to acquaint them with the specific interviewing problem engendered by our question- 
naire. 
Coding 
A formal code book was constructed according to the standard methods used at the Survey 
Research Center.ts A number of descriptive codes were created, usually on the basis of the first 
fifty interviews. The code categories were checked against a second group of interviews to 
test for inclusiveness and completeness of the code. In general we allowed for coding a larger 
number of answers than was necessary so that in most of the interviews, all answers to open- 
ended questions were coded. Answers to open-ended questions were coded according to a 
system of priorities. These priorities were constructed according to three underlying 
principles: (1) the most clear-cut, obvious sign of mental disturbance received the highest 
priority while answers that bore tenuous or no relationship to mental illness received the 
lowest priority; (2) answers that were directly related to the respondent or to his blood 
relatives were given priority over answers that applied to non-related individuals; (3) 
concrete and specific answers always received priority over vague and general answers. 
So, the codes always moved from specific, concrete items that can be assumed to be highly 
related to mental illness through items that have a less clear-cut psychiatric meaning to 
answers that are so vague as to have only questionable psychiatric value. All coding was 
done by specially trained, professional coders from the Survey Research Center. 
Only four coders were used in the actual coding procedure since it was felt that due to the 
length and complicated nature of the code, a considerable amount of learning would take 
place during coding. And, in fact, both the coding time per interview and the number of 
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errors per interview decreased between the beginning and the end of the coding period, 
showing that the coders did learn. Check coding showed an average of 6.9 errors per inter- 
view, each of which consisted of over eighteen eighty-column IBM cards. The coders were 
not aware of the basic hypothesis of the study, and the code for identifying the primary 
group to which the interview belonged (PKU, NPMR, or CF) was not correctly interpreted 
by the coding staff during coding. 
After the interview had been coded, data relevant to particular problem areas were 
collected into two sets of indices. The first set was our mental health indices, the details of 
whose construction will be discussed elsewhere .19 Briefly, these consisted of a scoring 
system designed to evaluate data relevant to drinking problems (Alcohol Index), depression 
(Depression Index), perceived nervous breakdowns (Nervous Breakdown Index) consulta- 
tion with physicians in relation to mental health problems (Professional Persons Index), and 
hospitalizations for mental problems (though not necessarily in a mental hospital) (Hos- 
pitalizations Index). Parallel indices were constructed for respondents, respondents’ parents, 
and respondents’ siblings. Not all the indices were available for every relationship group. 
In addition, respondents answered a twenty-two item check list which had previously been 
used to differentiate mentally well from mentally ill populations, the Mental Health Score.20>21 
The second set of indices was generally simpler than the first and was designed to give 
us some idea of some areas of function which might be disturbed by mental illness. These 
indices measured : (1) the total number of health problems reported (Total Illnesses Index) ; 
(2) whether or not medication was taken for mental health reasons (Medications Index); 
(3) Job Stability Index; (4) whether the individual had zero, one, or more divorces (Divorce 
Index); (5) involvement in automobile accidents (Accident Index); and (6) social mobility 
(Mobility Index). The last was simply the difference between the social class of the res- 
pondent or his sibling and the social class of the respondent’s parents. This set of indices 
is generally referred to as the ‘functional’ indices. The combined indices were our operational 
definitions for mental health and formed the dependent variables in the data analysis. 
Social class was defined according to a modification of the criteria of HOLLINGSHEAD.~~ 
This definition consists of a weighted combination of occupation (classified according to his 
code) and education. The score derived from this combination is divided into five classes. 
In order to obtain comparable Ns in different groups, which was desirable because of the 
requirements of the statistical program, we collapsed Hollingshead’s five class scale into 
three classes, designating his highest three classes as 1, his fourth class as II, and his lowest 
class as III. Social class could not be determined from interview data in all cases, especially 
in the case of the respondents’ relatives. In such instances the missing data was predicted 
from the mean social class of the relevant family. Only persons who had reached the age of 
18 were included in the data analysis. 
Strategy of the data analysis 
Two statistical methods were used to test the null hypothesis that persons heterozygous 
for phenylketonuria were not more susceptible to mental illness as measured by our indices, 
than the NPMR and CF controls. The first was a univariate analysis of the functional and 
mental health indices and the second was a multivariate analysis which treated all the 
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mental health indices as a single linear combination. * Both univariate and multivariate 
analyses were computed according to a program by CRAMER and HALL.~~ This program was 
designed to handle analyses involving unequal Ns but requires that there be no missing 
data.? The analyses were executed treating data from the respondents, respondents’ siblings, 
and respondents’ parents separately. 
The independent variable which the study was designed to investigate is the relationship 
group to which the individual belongs, i.e. whether he is related to a PKU, NPMR, or CF 
patient. Nevertheless, variables such as social class, age, sex, and the size of the sibship to 
which the individual belonged had to be considered as independent factors which might 
affect measures of mental illness. Such variables might act to cause spurious differences 
between the relationship groups. This possibility was controlled by using these variables as 
covariates in the analysis. In fact, however, none of these covariates changed the level of 
significance of any effect. On the other hand, there is a body of literature concerning the 
effects of some of these variables (especially sex and social class) on mental illness. Such 
studies gave us some expectation of how the mental health indices should behave if they are 
comparable with other measures of mental illness. Consequently, analyses were conducted 
to investigate how sex and social class affected our indices. 
The dependent variables in the analysis were the mental health and functional indices. 
RESULTS 
Locating the parents of probands was not always simple since many had lost contact with 
the institutions where their offspring were housed or had been diagnosed. In the end, 
4.3 per cent of the original sample was never located; 4.6 per cent of the parents were 
known dead at the time of the interview, and 3.1 per cent refused to participate. An addi- 
tional 2.0 per cent were not interviewed for a variety of reasons. Interviewing was completed 
in 91 per cent of the sample which was not known to be dead. 
Social class affected the respondents’ mental health indices significantly. When these 
indices were analyzed as though they were a single statistical unit, i.e. when the multivariate 
hypothesis was tested, the effect of social class was significant at the 5 per cent level of 
confidence (Table 1). The relative weight of the mental health indices contributing to the 
social class effect can be seen in Table 2 which gives the most effective linear combination of 
variables. It can be seen that the Alcohol and Depression Indices and Mental Health Score 
*The multivariate analysis functions to select that combination of dependent variables which most 
effectively separates the groups whose variance is being tested. The significance of the multivariate hypothesis 
is not necessarily related to the significance of the univariate hypotheses, and it is possible to obtain a signifi- 
cant multivariate variance when no single dependent variable gives a significant univariate test. Theoretically, 
the multivariate hypothesis is positive if any dependent variable reaches significance, however, practically 
the error variance of the remaining dependent variables may produce enough statistical noise to prevent the 
multivariate hypothesis from reaching significance even in the presence of a proportion of signihcant 
univariate tests. This depends in part on whether or not the dependent variables actually contribute a dif- 
ferent dimension to the analysis. Similarly, the coefficients of variables contributing to the multivariate 
hypothesis are determined by the extent to which that dependent variable contributes another area of 
variance rather than by how significantly that variable itself can separate the two groups. A number of 
discussions of these topics are available.23~24 
f For this reason, missing data was treated as negative data in the scoring system used for construction of 
the mental health indices. 
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Alcohol 3.32 5% 3.14 5% 1.99 ns. 
Mental Health Score 2.11 n.s. 2.99 5% 1.23 ns. 
Professional Persons 1.62 ns. 0.39 n.s. 1.21 n.s. 
Hospitalizations 1.49 n.s. 0.95 ns. 0.70 ns. 
Depression 3.52 5% 0.54 n.s. 3.21 5% 
Nervous Breakdown 1.06 n.s. 0.49 n.s. 0.57 ns. 
Multivariate Hypothesis 1.88 5% 1.06 ns. 1.43 n.s. 
Number 331 158 173 
Covariates: Age and Family Size. 
contribute most heavily while the Professional Persons Index makes a small contribution in 
the opposite direction. Neither the Nervous Breakdown nor the Hospitalizations Index 
appears to play a role in the social class effect. Looking at the average mental health index 
scores for the three social classes (Fig. I), it can readily be seen that there is a tendency for 
mean values to increase as social class decreases, indicating that behavior associated with 
mental illness tends to be reported more frequently in the lower class groups. 
When we examine the effect of social class on the variance of each independent mental 
health index, significant effects are found for the Alcohol and Depression Indices (Table 1). 
In order to pinpoint the source of the significant differences more exactly, the effects of 
social class were examined for men and women separately. In these cases, we find that there 
is no combination of the mental health indices which gives a significant effect. There is, 
however, a significant effect of social class on the Depression Index for women and on the 
Alcohol Index for men. In addition, the men show a significant effect of social class on the 
Mental Health Score. Clearly social class exerts a very different effect in the two sexes. 
TABLE 2. COEFFICIENTS OF INDICES CONTRIBUTING TO THE 
EFFECT OF SOCIAL CLASS AND SEX ON THE COMBINED MENTAL 
HEALTH INDICES 
Index Social class Sex 
Alcohol 0.59 -0.51 
Depression 0.57 0.56 
Mental Health Score 0.49 0.38 
Professional Persons -0.25 0.39 
Hospitalizations 0.07 -0.06 
Nervous Breakdown 0.06 044 














FIG. 1. Respondents’ mean Alcohol Depression and Mental Health Scores by social class. 
Social class was not found to affect the mental health indices of either the respondents’ 
siblings or parents, but did affect many of the functional indices, not only for the respondents 
but for their siblings and parents. Altogether, social class has a small effect which is in the 
direction anticipated, of increasing difficulty associated with decreasing social status. 
The mental health indices are sensitive to the effect of sex not only for the respondents 
but also for the respondents’ relatives (Table 3). Sex affects the linear combination of the 
mental health indices at the 0.1 per cent level of confidence for the respondents’ siblings and 
parents as well as the respondents themselves. Table 2 shows the relative importance of 
indices contributing to this effect in the case of the respondent, and it can be seen that with 
exception of the Hospitalizations Index, all the indices contribute to a similar extent. 
Inspection of the mean scores of men and women (Table 4) shows differences which might 
very well have been anticipated a priori, if our indices bear the relation to mental illnesses 
which was intended. Men appear to have more drinking problems than women, and 
women score higher on questions having to do with depression. Women report that they 
felt they were going to have a nervous breakdown more often than men. Women respondents 
tended to seek medical aid for mental health problems more often than men, and tended to 
have more positive responses on the Mental Health Score. They reported more illnesses, took 
more pills for their problems, and had fewer accidents. 
The test of the hypothesis that group (i.e. whether an individual is related to a PKU, 
NPMR, or CF patient) would account for variance in the mental health indices can be 
seen in Table 3. None of the analyses, either univariate or multivariate, reach statistical 
significance. This is in marked contrast to the highly significant effect of sex. The effect of 
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Respondents Respondents’ Respondents’ 
siblings parents 
Sex Group Sex Group Sex Group 
13.36$ 2.10 9.88t 1.30 32.11$ 2.12 
16.17$ 1.31 13.092 1.86 952t 0.29 
7.95* 0.20 0.07 1.48 1.11 0.56 
0.16 2.17 1.07 0.13 0.02 0.59 
9.98t 0.42 _ _ _ _ 
7.42* 144 - - - - 
a-52$ 
- 0.51 0.29 0.07 0.16 
1.47 5.372 1.43 7.12# 1.07 
Age and Age and Socio- Age Socio- - 
family family economic economic 
size size class class 
331 1,159 637 
* Significant at the 1 .O% level of confidence. 
t Significant at the 0.5% level of confidence. 
$ Significant at the 0.1% level of confidence. 
group on the functional variables can be seen in Table 5 and the mean scores for all variables 
in Table 6. The only variable on which group exerts a significant effect is divorce; however, 
this effect of group on the Divorce Index is not seen either for the respondents’ parents or 
for the respondents’ siblings. In addition, when we examine the mean score of the res- 
pondents’ Divorce Index on the three groups, we find that the mean indices of the PKU 
TABLE 4. MEAN SCORES OF MENTAL HEALTH AND FUNCTIONAL 
INDICES FOR MENANDWOMENRESPONDENTS 
Index Men Women 
Number 
Alcohol 
























* Differs from men at the 5% level of confidence. 
t Differs from men at the 1% level of confidence. 
$ Differs from men at the 0.1% level of confidence. 
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2.74 ns. 2.54 n.s. 1.04 n.s. 
4.03 5% 0.28 n.s. 2.07 n.s. 
0.31 n.s. 0.70 n.s. - - 
o-33 n.s. 0.05 ns. - - 
0.00 n.s. - - - - 











and NPMR groups are similar while the mean index for the CF group is significantly lower 
(Table 6). These figures indicate that the variance cannot be attributed to heterozygosity 
for phenylketonuria but is associated with some factor that differentiates parents of mentally 
retarded children (including phenylketonurics) from the parents of children with cystic 
fibrosis in our sample. Since many of the parents in our sample had children in state 
institutions, it may be that some of the factors that lead to the institutionalization of a child 
were operative here. 
The possibility remained that the presumed effect of heterozygosity might act on a parti- 
cular subset of the population we had investigated. It seemed likely that if such an effect 






Phenylketonuric Mental Retardation Cystic Fibrosis 
Number 108 102 121 
Alcohol O-28 0.30 0.45 
Mental Health Score 2.73 3.13 2.83 
Depression 0.81 1.24 0.68 
Nervous Breakdown 0.57 0.65 0.56 
Professional Persons 0.27 0.29 0.26 
Hospitalizations 0.14 0.05 0.05 
*Job Stability 0.98 1.28 0.86 
Accidents 0.34 0.43 0.41 
Total Illnesses 1.89 1.91 1.92 
Medications 0.43 0.38 0.38 
Divorce 0.27 0.22 0.08 
Mobility 0.50 0.47 0.53 
* Calculated for men only. PKU N = 49, NPMR N = 51, and CF N = 58. 
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did exist, it would be found in some biologically determined group in the population. Age 
and sex are the two most obvious variables which one might expect to interact with genetic 
factors. Both these parameters have been proposed as variables influencing the mental 
illness producing effects of heterozygosity for phenylketonuria. PENROSE~ in his original 
study of a family in which depressions and phenylketonuria appeared to be associated, 
suggested that most of the individuals affected had a late age of onset to their mental illness. 
THOMPSON,~~ on the other hand, suggests that the individuals she found to be mentally ill 
in the families of phenylketonurics studied, suffered from life-long difficulties. She also 
suggests that the mental problems are most commonly found in the male members of the 
families studied. If indeed, there was some interaction between heterozygosity and age in 
respect to mental illness, then such an effect should have been seen in the data on the grand- 
parents of the phenylketonuric child. No such effect appears (Table 3). In addition, such an 
interaction should have been demonstrated by a two-way analysis of variance between group 
and age. Such analyses did not reach significance for either the respondents or the respon- 
dents’ relatives. 
The second hypothesis, that heterozygosity might predispose one sex to mental illness was 
tested by repeating the analysis for men and women separately (Table 7). It can readily be 
seen that there is,no effect of group on the univariate or multivariate analysis for either sex. 
This is in contrast to our earlier demonstration that social class can affect the two sexes 
differently. Supporting the negative results produced by separate analysis of data from men 
and women, was analysis of variance of the interaction between sex and group for the 
respondents and their relatives. None of these two-way analyses reached significance. 
The only significant interaction between group and another variable was an interaction 
between group and social class for the respondents. This interaction, significant at the 
5 per cent level of confidence, could be attributed to excessively high scores on the Alcohol 
Index for CF parents in Social Class III. Since this finding was not repeated by data for 
either the respondents’ parents or siblings it seems likely that this interaction represents a 
statistical accident. 
TABLE 7. EFFECT OF GROUP ON THE MENTAL HEALTH INDICES ANALYZED 
SEPARATELY FOR MEN AND WOMEN RESPONDENTS 
Index 
Men Women 
F-Ratio P F-Ratio P 
Alcohol 0.80 ns. 1,97 n.s. 
Mental Health Score 0.32 n.s. 2.01 n.s. 
Professional Persons 0.46 n.s. 0.95 n.s. 
Hospitalizations 1.48 n.s. 1.36 n.s. 
Depression 0.09 n.s. 2.12 n.s. 
Nervous Breakdown 0.32 ns. 1.63 n.s. 
Multivariate Hypothesis 0.78 n.s. 1.43 n.s. 
Number 158 173 
Covariates: age and family size. 
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DISCUSSION 
We have presented the results of a study designed to investigate the possibility that 
persons who presumably have a particular biochemical liability, relative phenylalanine 
hydroxylase deficiency, have more mental illness than other individuals. The first problem 
generated by the hypothesis was how to choose the population to be investigated. The rate 
of heterozygosity in the general population has been estimated to lie between one out of 
sixty and one out of one-hundred persons. This is a rate which is high enough to affect a 
large number of people but low enough so that in the absence of a cheap, convenient test 
it would have been difficult to select heterozygotes from a general population. Consequently, 
we studied families in which heterozygosity could be presumed from the presence of a 
phenylketonuric child. Such a choice leads immediately to certain difficulties. In the first 
place, the parents of a phenylketonuric child will certainly have been subject to an unusual 
amount of stress, both emotional and financial, because of the serious nature of the affected 
child’s disability. Such stress might act to increase the amount of emotional disorder in 
these families and precludes comparison with a sample of so-called normal families who 
have not suffered similar hardships. 
Because of the possible effect of the retarded child on the family, both control groups 
were chosen to have similar problems. In the case of the NPMR group, with the exception 
that most of the children suffered from non-hereditary mental retardation, the illness of the 
affected member was highly similar to that of the phenylketonuric. Similarly, parents of 
patients with cystic fibrosis were chosen as a second control group because cystic fibrosis 
represents a recessive hereditary disease which is severe, chronic and most often manifests 
itself early in childhood. The disease generally terminates fatally sometime during adoles- 
cence. In many ways, a loss of a child through death is analogous to the loss of a child 
through severe retardation leading to institutionalization. It seemed likely that families with 
children with cystic fibrosis would suffer from stresses similar to those imposed on a family 
with a mentally retarded child. 
All three of these groups represented a special population in the sense that the parents of 
these patients had been exposed to highly stressful situations. However, it seemed reasonable 
to suppose that the grandparents and aunts and uncles of the affected child would be 
relatively untouched by the proband’s illness. Nevertheless, half of these relatives should be 
heterozygous for PKU in the PKU group. If there had been any effect of PKU on the 
mental health of the parents, similar, though diluted effects should have been observed 
among these relatives. It was on the basis of this reasoning that the interview was extended 
to include information about the aunts, uncles and grandparents of the affected child. 
It is true, however, that our information about the non-parent relatives is probably less 
reliable since it represents a report by the respondent on other persons rather than a self 
report. As might have been expected, information about the respondents’ relatives is less 
complete than information provided by the respondent about himself. 
The second set of problems generated by the hypothesis revolved around what would 
constitute a reasonable way of estimating mental illness. Two considerations played a 
primary role in our decision to approach the problem through a formal interview schedule 
and coding procedure. The first of these was our desire to make as explicit as possible what 
MENTALILLNESSINPARENTSOFPHENYLKETONURICCHILDREN 71 
was actually investigated, and the second was the wish to reduce bias in the conduct of the 
study as much as possible. 
Since the problem of trying to evaluate the relative prevalence of mental illness in a group 
is similar to that of identifying a ‘psychiatric case’ in a non-patient population, we seriously 
considered the possibility of using psychiatric evaluations either as our basic research tool 
or as a means of evaluating the interview schedule. This is essentially the technique that has 
been used in the most recent and elaborate psychiatric field studies.ssJ7 However, there are 
many difficulties in assigning the status of being a ‘psychiatric case’ to a person in a non- 
patient population. There is no standardized, validated, diagnostic test which enables the 
researcher to determine the presence or absence of mental illness in individuals,ss*sg and 
psychiatric diagnosis is not reliable. sO,sr This situation has caused considerable difficulty in 
field studies of psychological disorder. According to a recent review of such studies15 
prevalence rates of mental illness have varied from less than 1 per cent to over 60 per cent. 
It has been suggested that factors such as thoroughness of data collection, presence or 
absence of physical examinations, and the decade in which the study was done, all con- 
tribute to this variability. But it seems likely that an important factor contributing to the 
variety of prevalence rates for mental illness must be at least partly a function of the lack 
of reliability of psychiatric diagnosis on the one hand, and the current lack of ability to 
specify how a diagnosis or rating is made on the other. It was largely to avoid these problems 
that we developed the mental health indices which are the operational definitions of mental 
illness used as dependent variables in this analysis. These constructs lack the validity of a 
true psychiatric diagnosis, but have the advantage of being reproducible, specifying clearly 
what was investigated, and lending themselves readily to control for bias. 
Since the indices were developed for our study, it seems reasonable to ask what is their 
validity, if any. All the constructs have a certain face validity arrived at by using concrete 
questions, easily related to mental illness, for the scoring system.19 In addition, we have 
shown elsewhere that the Depression and Nervous Breakdown Indices, and the Mental 
Health Score are correlated with visits to professional persons for mental health problems 
and hospitalizations for similar reasons. Such correlations indicate that the indices tapped 
problem areas which were viewed as serious by the respondents. Since 12 per cent of the 
visits to doctors by respondents and 24 per cent of visits by relatives represented contacts 
with psychiatrists, these correlations can be taken to indicate a certain degree of validation 
of the indices as estimators of psychiatric disease. 
The Mental Health Score has been validated in a number of studies. Items were originally 
selected to differentiate between a mentally well population and psychiatric patients.20 
Since then, the Score has been reported to differentiate between patients on the admitting 
ward of a mental hospital and several normal populations. 21 In addition, a survey of records 
at Michigan State Hospitals for the mentally ill demonstrated that all hospitalized res- 
pondents (including three who were hospitalized after the time of the interview) scored well 
above average on one or more indices other than Hospitalizations. In the case of the res- 
pondents’ relatives, only 81 per cent of the hospitalizations were reported and only 67 per 
cent of these relatives scored on other mental health indices. In spite of the low reporting on 
relatives, these findings tend to validate the indices as measures of mental health. 
In attempting to evaluate the merits of the indices as measures of mental health, it is 
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worth noting that these measures behave as one would expect on the basis of clinical know- 
ledge and in conformity to the results of other psychiatric field studies. So we find men 
averaging higher scores on the Alcohol Index and women on the Depression Index, which 
one might anticipate if the former is related to alcoholism and the latter to depressions. 
Women report more nervous breakdowns, answer more questions on the Mental Health 
Score and seek more help from professional persons than men, findings similar to those of 
GURIN et al.32 on a national sample. LEIGHTON et 01.26 in a study of a Nova Scotia com- 
munity also find women scoring higher than men in most of their symptom patterns. 
According to DOWHRENWEND and DOWHRENWEND 15 eleven out of thirteen field studies 
conducted since 1950 assign higher rates of psychological disorder to women than to men. 
Certainly our findings fall into the same pattern. 
The Dowhrenwends have also pointed out an increasing prevalence of mental disorder 
with decreasing social class is the most consistent finding of field studies of psychiatric 
disorder and the results of our study are in the same direction in spite of the fact that the 
level of significance is low. The fact that the mental health indices are sensitive to the 
effects of sex and social class can be taken as an indication that this set of tools belongs in 
the same universe with other devices used to assess mental health in field studies. 
In view of the fact that we failed to differentiate between persons presumed heterozygous 
for phenylketonuria and the control groups using the mental health indices as measures of 
mental illness, it is pertinent to ask whether or not these indices are actually capable of 
discriminating between groups which do differ in the state of their mental health. There is 
some evidence, other than the social class and sex effects mentioned above, that they can. 
A number of workers have pointed out that admission rates to mental hospitals are higher 
for divorced persons than other marital groups. as,34 This would lead one to suspect that 
divorced persons in a population should show more mental health problems than non- 
divorced individuals. In analyses similar to those described in this paper, it has been found 
that the mental health indices discriminated significantly between divorced and non- 
divorced persons at high levels of confidence for the respondents’ parents and siblings as 
well as the respondents.% This gives us some confidence that the indices can discriminate 
between groups which one might predict to have real differences in mental health and that 
they can do so for the relatives as well as the respondents. 
It is, of course, always very difficult to demonstrate that a hypothesis is not so, and it 
remains possible that heterozygosity for phenylketonuria is associated with mental illness 
in the areas we have investigated, but a level too low for our techniques to detect. It seems 
clear that if such an effect exists, it is a factor which is considerably less powerful than the 
social factor of marital status. Even if such an effect exists it seems unlikely that it would 
make a very useful tool for further investigation. We are necessarily limited in our con- 
clusions to the tools we used as measures of mental illness. Perhaps other psychiatric 
assessments might show differences. 
The possibility always remains that heterozygosity is associated with deficiencies which 
might be demonstrated by other lines of investigation. It has been recently shown, for 
example, that heterozygosity for phenylketonuria is associated with an increased suscepti- 
bility to metrazol-induced convulsions. 36 It remains entirely possible that other specific 
stimuli will be demonstrated to have altered effects in such persons. Nevertheless, the 
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general hypothesis that persons heterozygous for phenylketonuria have more mental illness 
than other persons seems less tenable as a result of this study. 
SUMMARY 
(1) This paper presents the results of a field study designed to investigate the hypothesis 
that persons presumed Werozygous for phenylketonuria are more vulnerable to 
mental disorder than other persons. Three-hundred-and-thirty-one persons were 
interviewed, including 108 parents of phenylketonuric offspring, 102 parents with non- 
phenylketonuric mentally retarded offspring, and 121 parents of children with cystic 
fibrosis. 
(2) Information was collected by means of a standard interview schedule which inquired 
into mental health problems of the interviewees as well as their parents and siblings. 
Interviews were coded according to an explicit code. Mental Health was evaluated by 
a set of indices constructed by assigning numerical values to certain items in the code 
and summing related items. These indices served as operational definitions of mental 
illness. 
(3) Analysis of variance was used to evaluate data derived. 
(4) Decreasing social class appeared to be associated with increasing scores on the 
indices. In addition, men and women scored significantly differently on many of the 
indices. In general, differences due to sex and social class were in the direction which 
would have been expected if the indices had been measuring the problem areas we 
were trying to evaluate. 
(5) The parents of phenylketonuric children did not score differently from the other two 
groups, indicating that they were not more susceptible to mental health problems than 
the controls, at least as measured by our operational definitions. 
(6) Some of the problems associated with field studies of psychiatric disease are discussed. 
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